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ABSTRACT: The MyoD1 gene play a key role in skeletal 
muscle differentiation through the regulation of muscle-
specific genes expression. In this work, we have shown that 
MyoD1 gene expression can influence the Warner – 
Bratzler shear force (WBSF) measured on the Longissiums 
dorsi muscle after 7 and 14 days of meat aging in half-sib 
families of Nelore breed.. Lower MyoD1 expression levels 
were related to lower WBSF measures. The effect of My-
oD1 gene expression on meat tenderness may emerge from 
its function as transcription factor of genes responsible for 
muscle development, composition and phenotype. Further 
analysis identifying the mechanisms which control the My-
oD1 expression would be useful to elucidate the effect ob-
served in this study. 
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sion 
 
 
Introduction 
 
Meat tenderness is one of the major concerns of 
the beef market (Veiseth et al., 2004). A study have shown 
that this trait is under control of many of quantitative trait 
loci (QTLs) and genes of small effects (Tizioto et al., 
2013a).  
 
Myogenic differentiation (MyoD) gene family en-
code for skeletal muscle-specific transcription factors and 
play key roles in growth and muscle development and com-
position (Bhuiyan et al., 2009). The Myogenic Differentia-
tion 1 (MyoD1, Gene Bank ID: 281938), is mapped to 
BTA15, near a QTL already described for meat tenderness 
(Rexroad et al., 2001).  
 
Physiological processes, as muscle development, 
depend on the expression of many genes acting together as 
a network. Functional genetics, which includes gene ex-
pression analyses, may provide opportunities for under-
standing the molecular processes related to meat quality. 
Considering both function and position of MyoD1 gene, it 
was elected in this study as a candidate for being involved 
in the control of meat tenderness through changes in gene 
expression. 
 
A gene expression profiling approach was used to 
evaluate whether MyoD1 mRNA levels affect meat tender-
ness in half-sib families of Nelore beef cattle. 
 
 
Materials and Methods 
 
Animals and phenotypic data. Nelore steers (36), 
offsprings of 18 sires, chosen to represent the main breed-
ing lineages in Brazil, were used in this study. The half-sib 
families were produced by artificial insemination in com-
mercial and purebred Nelore dams. Animals were raised 
and allocated to two feedlots, as previously described 
(Tizioto et al., 2013).  After slaughter, three 2.5 cm thick 
steaks, corresponding to a cross section of the Longissimus 
dorsi muscle, were collected between the 11a and 13a ribs to 
perform the Warner-Bratzler shear force (WBSF) meas-
urement as described by Tizioto et al., (2013). 
 
RNA extraction and quantitative PCR experiment. 
Muscle samples collected at slaughter were immediately 
frozen in liquid nitrogen and kept at -80 ºC until RNA ex-
traction. Total RNA was extracted from 50-100 mg of mus-
cle tissue, quantified and quality checked and finally re-
verse transcribed to cDNA as described by Tizioto et al. 
(2013).  
 
A mixed model methodoly approach was used to 
analyze whether the MyoD1 expression profile of 136 ani-
mals was related to their WBSF measurements, as de-
scribed by (Tizioto et al., 2013b). 
 
Different methods have been proposed for the se-
lection of appropriate reference genes, including methods 
which take into account that the resulting variation among 
samples (Reverter et al.,2004; Reverter et al., 2005) might 
be due to environmental fixed effects (treatment, animal 
age, gender, breed, management, and genetic background), 
random effects (animal sample), their interactions and het-
erogeneous variances of reference genes. A general linear 
mixed model approach that considers the fixed and random 
effects originated from the experimental design was used. 
 
Best linear unbiased predictor (BLUP) values were 
obtained for random sample effect, and these were used to 
obtain and adjust the quantification cycle (Ct) value (CtA). 
After the adjustment of the Ct values, a general linear 
mixed model that included effects of slaughterer, parentage, 
age and pH was applied to each meat aging time to verify 
the association of the MyoD1 gene expression level with 
meat tenderness. 
 
Results and discussion 
 
The MyoD1 gene has been mapped to a QTL in-
terval on BTA15 for meat tenderness, also affecting per-
centage of kidney, pelvic and heart fat and is considered as 
a potential candidate gene for meat quality and carcass 
traits (Rexroad et al., 2001).  
 
In an attempt to understand the MyoD1 gene role 
in bovine meat tenderness, the influence of the expression 
level of this gene on the WBSF phenotypes was evaluated 
and it was observed that lower MyoD1 expression levels 
are related to more tender meat after 7 and 14 days of aging 
in this population of Nelore breed (P≤0.01) (Table 1).  
 
Table 1. Effect of the muscular expression level meas-
ured as threshold cycle (Ct) of MYOD1 gene on the 
Warner-Bratzler shear force measured at different ag-
ing meat times in 136 Nelore steers. 
WBSF Estimated effect (Kg)±SE P value 
7 - 0.1766 ± 0.057 0.0029* 
14 - 0.1274 ± 0.045 0.0069* 
* P≤0.01; WBSF= Warner-Bratzler shear force (measured at 7 days of 
aging= 7; measured at 14 days of aging= 14) 
 
 
When the CtA qPCR values increased twice, the 
WBSF decreased 0.177 (±0.057) Kg and 0.127 (±0.046) 
Kg, which represents 2.18% and 2.39% of the phenotypic 
variance for WBSF7 and WBSF14, respectively. Therefore 
lower MyoD1 expression levels (higher Ct values) were 
related to more tender meat after seven days of aging in 
cold chamber.  
 
The biological features of a specific phenotype are 
controlled by expression of different genes. The muscle 
tissue differentiation, aging and development are controlled 
by transcription factors called Myogenic Regulatory Factors 
(MRF), including MyoD (Calvo et al., 1999).  
 
Much attention has been paid about the molecular 
mechanisms of activation and maintenance of skeletal mus-
cle-specific gene transcriptions, including MyoD family. 
These transcription factors can turn a wide number of cell 
types into skeletal muscle and also control the coordinate 
changes in gene expression associated with myogenesis 
(Olson, 1993). 
 
From the results obtained in this work it is possible 
to speculate that the MyoD1 gene can be associated with 
the biochemical process of rigor-mortis. However the effect 
of the MyoD1 gene in postmortem muscle aging is unclear. 
  
The role of MRFs in maintaining muscle pheno-
type has been investigated. Previous studies in adult rats 
have shown that MyoD gene products are preferentially 
accumulated in the fast muscle fibers (Hughes et al., 1993; 
Kraus and Pette, 1997). Other studies suggest the contribu-
tion of MyoD to fast fiber type specification (Hughes et al., 
1997 and Charge et al., 2008). Fiber type composition and 
sarcomere length of bovine muscles may have a role in de-
termining meat quality and tenderness. (te Pas, Everts & 
Haagasman, 2004).  
 
Conclusion 
 
The effects of MyoD1 gene observed in this work 
may reflect its function as activator of muscle-specific gene 
transcription, which determines muscle tissue development, 
growth, composition and aging. The changes of expression 
levels of MyoD1 gene may cause a cascading effect affect-
ing many muscle-specific genes as α-actin (Moss et 
al.,1996), troponin I (Lin et al., 1991) and myosin light 
chain (Wentworth et al., 1991). The MyoD1 mRNA profile 
effect on meat tenderness showed in this work is new and 
could be useful for studies who integrated analysis of geno-
typic and expression data for association with complex 
traits and to identify novel genetic pathways and regulatory 
mutations involved in meat tenderness.  
 
References cited 
 
Bhuiyan MSA, Kim NK, Cho YM, Yoon D, et al. (2009). Identifi-
cation of SNPs in  MYOD gene family and their  associations 
with carcass traits in cattle. Livest. Sci. 126: 292-297. 
Calvo S, Venepally P, Cheng J, Buonanno A. (1999). Fiber-type-
specific transcription of the troponin I slow gene is regulated 
by multiple elements. Mol Cell Biol 19(1):515-25. 
Charge SB, Brack AS, Bayol SA and Hughes SM. (2008). MyoD- 
and nerve-dependent maintenance of MyoD expression in 
mature muscle fibres acts through the DRR/PRR element. 
BMC Developmental Biology 8(5): 1-13. 
Hughes S.M., Taylor J.M., Tapscott S.J., Gurley C.M., Carter 
W.J., Peterson C.A. (1993) Selective accumulation of MyoD 
and myogenin mRNAs in fast and slow adult skeletal muscle 
is controlled by innervation and hormones. Development 
118:1137–1147. 
Hughes S.M., Koishi K., Rudnicki M., Maggs A.M. (1997) MyoD 
protein is differentially accumulated in fast and slow skeletal 
muscle fibres and required for normal fibre type balance in 
rodents. Mech. Dev 61, 151–163. 
Kraus B. & Pette D. (1997) Quantification of MyoD, myogen-
in,MRF4 and Id-1 by reverse-transcriptase polymerase chain 
reaction in rat muscles – effects of hypothyroidism and 
chronic low-frequency stimulation. Eur. J. Biochem. 247, 98–
106 
Lin H, Yutzey KE, Konieczny SF. (1991) Muscle-specific expres-
sion of the troponin I gene requires interactions between he-
lix-loop-helix muscle regulatory factors and ubiquitous tran-
scription factors. Mol. Cell. Biol. 11:267–280. 
Moss JB, Olson E N, Schwartz RJ. (1996) The myogenic regulato-
ry factor MRF4 represses the cardiac α-actin promoter 
through a negative-acting N-terminal protein domain. J. Biol. 
Chem. 271:31688–31694. 
Olson EN. (1993) Regulation of muscle transcription by the My-
oD family. Circ. Res. 72:1-6. 
Reverter A, Byrne KA, Tan SH, Harper GS and Lehnert, SA. 
(2004) Joint analysis of multiple cDNA microarray studies 
via multivariate mixed models applied to genetic improve-
ment of beef cattle. Journal of Animal Science 82:3430-3439. 
Reverter A, Barris W, McWilliam S, Byrne KA, Wang YH, Tan 
SH, Hudson N and Dalrymple BP. (2005) Validation of al-
ternative methods of data normalization in gene co-
expression studies. Bioinformatics 21 (7): 112-1120. 
Rexroad III CE, Bennett GL, Stone RT, Keele JW, Fahrenkrug 
SC,  Freking BA, Kappes SM and Smith TPL. (2001) Com-
parative mapping of BTA15 and SA11 including a region 
containing a QTL for meat tenderness. Mammalian Genome 
12, 561–565. 
Te Pas, M.F.W., Everts, M.E., Haagasman, H.P. 2004. Muscle 
Development of Livestock Animals: Physiology, Genetics and 
Meat Quality. Cabi Publishing. 403p. 
Tizioto PC, Meirelles SL, Veneroni GB, Tullio RR, Rosa AN, 
Alencar MM, Medeiros SR, Siqueira F, Feijó GL, Silva LO, 
Torres-Júnior RA and Regitano LCA. (2012) A SNP in 
ASAP1 gene is associated with meat quality and production 
traits in Nelore breed. Meat Science 92(4):855-857. 
Tizioto PC, Decker JE, Taylor JF, Schnabel RD, Mudadu MA, 
Silva FL, Mourão GB, Coutinho LL, Tholon P, Sonstegard 
TS, Rosa AN, Alencar MM, Tullio RR, Medeiros SR, Nassu 
RT, Feijó GLD, Silva LOC, Torres RA, Siqueira F, Higa RH, 
Regitano LAC. (2013a) Genome scan for meat quality traits 
in Nelore beef cattle. Physiol Genomics, 45:1012-1020. 
Tizioto PC, Gasparin G, Souza MM, Mudadu MA, Coutinho LL, 
Mourão GB, Tholon P, Meirelles SLC, Tullio RR, Rosa AN, 
Alencar MM, Medeiros SR, Siqueira F, Feijó GL, Nassu RT, 
Regitano LCA. (2013). Identification of KCNJ11 as a func-
tional candidate gene for bovine meat tenderness.	  Physiol 
Genomics (In press). 
Veiseth, E, Shackelford SD, Wheeler TL and Koohmaraie M. 
(2004) Factors regulating lamb longissimus tenderness are af-
fected by ageat slaughter. Meat Science 68: 635–640. 
Wentworth BM., Donohue M, Engert JC, Berglund EB, Rosenthal 
N. (1991) Paired MyoD-binding sites regulate myosin light 
chain gene expression. Proc. Natl. Acad. Sci. USA 88:1242–
1246. 
